Blighia sapida essential oils were obtained in Nigeria by hydro-distillation, using all-glass apparatus (British Pharmacopeia specifications). Yields of essential oils procured were from 0.38% to 0.77%. Characterization of the chemical components was done using gas chromatography and gas chromatographymass spectrometry to detect compounds for pharmaceutical and industrial applications in the future, this can also establish ethnomedicinal uses of Blighia sapida. A total of one hundred and forty-two compounds were identified in the seven essential oils of Blighia sapida. Percentage characterized compounds in leaf, leaf stalk, stem bark, root, fruit pulp, fruit husk and fruit seed essential oils were 78.77%, 70.98%, 32.89%, 33.08%, 45.25%, 68.88% and 87.37% respectively. The dominating identified compound are butyl cyclobutyl phthalate (9.11%), pentadecanal (5.18%), (E)-1,10-dimethyl-trans-9-decalol (6.31%), 4,8,12,15,15-pentamethylbicyclo[9,3,1]pentadeca-3,7-den-12-ol (7.92%), tributyl-1-propene-1,2,3-tricarboxylate (12.69%), 4,8,12,15,15-pentamethyl-bicyclo[9,3,1]pentadeca-3,7-den-12-ol (29.10%) and (Z)-vaccenic acid (14.24%) respectively. This study revealed important compounds in the leaf, leaf stalk, stem bark, root, fruit pulp, fruit husk and fruit seed essential oils of Blighia sapida which have not been reported earlier in literature despite the use of Blighia sapida traditionally to treat many ailments, these chemical constituents identified might be useful pharmaceutically and industrially. These results indicate that Blighia sapida essential oils were mostly dominated by terpenoids and esters.
INTRODUCTION
Blighia sapida (ackee) is a perennial plant which belongs to sub-kingdom Tracheobionta rosidae, order saphindales and family sapindaceae (Atolani et al., 2009) . It is indigenous to the forest of the Ivory Coast and Gold Coast of West Tropical Africa (Atolani et al., 2009) . It is found in West African countries like Nigeria, Ghana, Togo, Guinea, Benin, Mali and Burkina Faso. It is called 'ackee' in English, 'aki' and 'arbe fricassee' in French, 'arbol de seso' and 'seso vegetal' in Spanish, 'arbor del huevo' and 'peraroja' in Mexico, 'bien me sube' or 'pan quesito' in Colombia, 'aki' in Costa Rica, 'castanna' or 'castanheiro de Africa' in Potuguese (Atolani et al., 2009 ).
In Nigeria: Yoruba, South -western, it is known as "isin"; Igbo, Eastern Nigeria, ''Okpu''; Hausa, Northern-western, "Gwanjakusa'' and Nupe, North central Nigeria, "Yilanchi". It is propagated by seeds, cutting, grafting or shooting (Atolani et al., 2009) . Fresh arils are consumed directly; they can be added to sauce or grounded into powder to release oil contents into the sauce. They can also be fried in peanut or oil palm and can be parboiled with salt and sometimes with spices (Ekué et al., 2010) . Aqueous extract of the seed is used as parasites expellant in Brazil and Colombia, bark and leaves are considered stomachic; stem bark, seeds and husks are dried, ground into powder and used to poison fishes so as to catch them easily (Ekué et al., 2010) . Fruit husks have the property of producing saponins that lather in water and its soap is valued mainly for its medicinal and esthetical properties (Ekué et al., 2010) . Seed and ashes of the dried husk of the fruit are used for soap making because they are rich in potash (John-Dewole & Popoola, 2013) . The whole immature fruits are cut in small pieces and plunged into water for washing clothes (Ekué et al., 2010) . Pulp and leaves are used in the treatment of eye conjunctivitis (Oladiji et al., 2009 ) and diabetics (Gbolade, 2009 ). In Benin, 22 diseases including dental decay, fever, malaria, internal haemorrhage, dysentery, burns, eyes inflammation, yellow fever, constipation, cutaneous infections, whitlow and head lice were healed with the roots, stem bark, leaves, fruit husk and seeds of Blighia sapida (Ekué et al., 2010) . Blighia sapida pod is a good adsorbent for the removal of Pb (II), Cd (II) and Co (II) ions from aqueous solution (Jimoh et al., 2012) . Ackee seed is a moderate oil seed that could be exploited with proper refining for the production of consumable oil and other industrial products (Onuekwusi et al., 2014) . Proximate nutritional composition and chemical properties of the aril has high fat and carbohydrate contents, low protein, moisture and total ash contents with low iodine, acid, peroxide and saponification values (Ouattara et al., 2010) . We present our reports on the study of chemical compositions of seven essential oils from leaf, leaf stalk, stem bark, root, fruit pulp, fruit husk and fruit seed of Blighia sapida (K. Koenig), which have not been reported earlier in literature despite its traditional uses.
Data analysis was done using Productivity Chemstation Version E.02.01.1177 in conjunction with the Automated Mass Spectral Deconvolution and Identification System (AMDIS). For the column oven program, the equilibration time was set at 0.25 min; the initial temperature was set at 70 °C, held there for 4 mins, and then ramped at 6 °C/min to 140 °C for 6 min. It was further ramped at 15 °C/min to 300 °C for 4 minutes. The total run time was 36.333 minutes. 1 µL of sample extract was injected in the splitless mode.
The injector temperature was set at 280 °C and the column head pressure was 56.756 kPa yielding a total flow of 64 mL/min. The transfer line temperature was 280 °C. A HP-5MS 5% Phenyl Methyl Silox column with dimensions of 30 m x 250 µm x 0.25 µm and maximum recommended temperature (MRT) of 325 °C was used throughout. Helium was used as a carrier gas at a flow rate of 1 mL/min. The acquisition mode was full scan with a solvent delay of 4.00 minutes. Acquisition mass range was set at m/z 50 -600 and the electron multiplier detector voltage was auto set to 1082 V. The mass spectrometer source and quadrupole mass analyzer temperatures were set to 230 °C and 150 °C respectively. The filament emission current was auto set to 34.610 µA.
Compounds identification
Identification of the chemical components of the essential oils was performed by their retention indices which were determined with reference to a homologous series of n-alkanes and by comparison of their mass spectral fragmentation patterns with the reference compounds in the data systems of National Institute of Standards and Technology (NIST) spectra libraries matching version 8.0.
The AMDIS software version 2.71 build 134.27 was used to compare the NIST library spectra with component spectra (deconvolution). The minimum match factor was for deconvolution on AMDIS was set to 70 and all identified components had match factors between 70 and 100. Some mass spectral fragmentation patterns with characteristic retention time were compared with standard in-built data (Adams, 2007) .
RESULTS
The percentage yields of essential oils procured range from 0.38 to 0.77%. All the oils were colourless but each has characteristic odour (Table 1) . Leaf oil (0.77% yield) had a leafy and aromatic odour; leaf stalk (0.44%) had leafy and woody odour; stem bark (0.47%) possessed nut and slightly choking smell; root (0.61%) with faint woody odour; fruit pulp (0.71%) possessed palatable odour; fruit husk (0.64%) also had palatable odour while the fruit seed (0.38%) had a fibre-like smell. Each of the oils was subjected to GC and GC-MS analysis.
Seventy-eight compounds representing 78.77% were identified in leaf; forty-one in leaf stalk (70.98%); ten in stem bark (32.89%); fourteen in root (33.08%); twelve in fruit pulp (45.25%); eleven in fruit husk (68.88%) and thirty-one in fruit seed (87.37%); all together, one hundred and fortytwo compounds were identified in the seven essential oils (Table 2 ). The dominant identified compounds in each of Blighia sapida essential oils are butyl cyclobutyl phthalate (9.11%), α-Ionone (5.17%) and β-Ionone (4.14%) in leaf; pentadecanal (5.18%), cyclobutyl isobutyl phthalate (5.05%) and hexahydrofarnesyl acetone (3.82%) in leaf stalk;
(E)-1,10-dimethyl-trans-9-decalol (6.31%), pentadecanal (4.83%) and farnesol (3.93%) in stem bark; 4,8,12,15,15-pentamethyl-bicyclo[9,3,1] pentadeca-3,7-den-12-ol (7.92%), 2,3,4,5,6-pentachloroanisole (6.79%) and 1,7-dimethyl-4-(1- methylethyl)-spiro (4,5)dec-6-en-8-one (4.49%) in root; tributyl-1-propene-1,2,3-tricarboxylate (12.69 %), α-caryophyllene (8.05%) and heneicosane (7.03%) in fruit pulp; 4,8,12,15,15-pentamethylbicyclo[9,3,1] pentadeca-3,7-den-12-ol (29.10%), 3-cyclohexene-1-methanol-α,α,4-trimethylacetate (4.43%) and alloaromadendrene oxide (4.39%) in fruit husk; (Z)-vaccenic acid (14.24%), 8,12,15,15-pentamethyl-bicyclo[9,3,1] pentadeca-3,7-dien-12-ol (9.84%) and tributyl acetylcitrate (4.92%) in fruit seed. The one hundred and forty-two compounds identified in all seven essential oils are classified into twenty-two organic compounds (Table 3) . Blighia sapida leaf essential oil is dominated by ester (17.21%), monoterpenoid (10.63%) and diterpenoid (9.0%); leaf stalk by sesquiterpenoid (10.61%), ester (10.34%) and alkane (6.61%); stem bark by sesquiterpenoid (7.54%), alcohol (6.31%) and heterocyclic (5.08%); root with sesquiterpenoid (8.27%), diterpenoid (7.92%) and aromatic (7.26%); fruit pulp dominated by ester (16.28%), alkane (9.59%) and sesquiterpene (8.05%); fruit husk have diterpenoid (29.1%), ester (12.35%) and sesquiterpene (4.39%) and fruit seed with carboxylic acid (15.97%), ester (11.86%) and diterpenoid (9.84%).
DISCUSSION
Interestingly, some of these identified compounds found to be present in this plant have been scientifically proved to be responsible for important bioactivities. Examples of such are α-caryophyllene which is present in fruit pulp (8.05%) and fruit seed (1.64%), it has been reported to be present in essential oils of Harungana madagascariensis leaf and stem (Moronkola et al., 2015) and Cannabis sativa (hemp) (Gertsch et al., 2008) ., it is an anti-inflammatory agent (Gertsch et al., 2008) ; β-caryophyllene in fruit seed (0.67%) reported present in cinnamon (Cinnamomum spp.) and black pepper (Piper nigrum L.) ( Jayaprakasha et al., 2003; Orav et al., 2004) , it is useful as food additive, cosmetics (Sköld et al., 2006) and antiinflammatory agent (Jürg et al., 2008) ; farnesol is detected in stem bark (3.93%) and it is responsible for antibacterial activity (Derengowski et al., 2009; Jabra-Rizk et al., 2006) , as well as chemopreventative and an anti-tumor agent (Joo and Jetten, 2009 ). α-Ionone (5.17%) and β-ionone (4.14%) are present in leaf, they have been reported in Terminalia catappa fruits (Moronkola and Ekundayo, 2000) . Ionones are important in perfumery industries (Sell, 2007) . Our study resulted in the identification of one hundred and forty-two compounds in Blighia sapida (K. Koenig) essential oils which have potential applications pharmaceutically and industrially. The results indicate that Blighia sapida essential oils are mostly dominated by terpenoids and esters. This study is the first of its kind which revealed important compounds in Blighia sapida (K. Koenig) leaf, leaf stalk, stems bark, root, fruit pulp, fruit husk and fruit seed essential oils which have not been reported earlier in literature. The identified volatile metabolites may be responsible for the reported vast ethno-medicinal uses and biological activities of Blighia sapida (K. Koenig).
Conclusion
The results of our study indicate that Blighia sapida (K. Koenig) essential oils possess chemical compounds which have potential applications pharmaceutically and industrially, they are mostly dominated by terpenoids and esters. This study is the first of its kind which revealed important compounds in Blighia sapida (K. Koenig) leaf, leaf stalk, stems bark, root, fruit pulp, fruit husk and fruit seed essential oils which have not been reported earlier in literature. The identified volatile metabolites may be responsible for the reported vast ethno-medicinal uses and biological activities of Blighia sapida (K. Koenig).
